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Introduction
Since Mehra and Prescott (1985) first identified the risk premium puzzle, many researchers have investigated whether the Lucas (1978) and Breeden (1979) form of the consumption-based capital asset-pricing model (C-CAPM) is compatible with the Japanese stock market. Using Hansen's (1982) Generalized Method of Moments, Hamori (1992) showed that the power utility type C-CAPM exhibits good performance with low-risk parameters while Hamori (1994) verified that the Zin (1989, 1991) nonexpected utility type C-CAPM explains returns better in the Japanese equity market. Conversely, Tanigawa (1994) and Hori (1996) retested these models using the Hansen and Jagannathan (1991) bound test and rejected both. Nakano and Saito (1998) also applied these models to three Japanese markets-stock, land, and bonds-and verified their poor performance. Importantly, all of these models explicitly contain a consumption variable in the pricing kernel, and thus could not avoid the harmful effects arising from the use of aggregate consumption data: often incriminated as the cause of the risk premium puzzle because of aggregation bias, the infrequent reporting of consumption, sampling error, and smoothing associated with seasonal adjustment.
To avoid these problems with the use of aggregate consumption data, Campbell and Vuolteenaho (2004) develop a consumption-free intertemporal capital asset-pricing model (hereafter, CV model) assuming Epstein-Zin nonexpected utility. They solve the discrete-time version of Merton's ICAPM by using a dividend ratio model (Campbell, 1988a) and return decomposition (Campbell, 1991) . The induced model includes two risk factors, the cash flow beta and the discount rate beta, both of which are endogenously determined. The former measures the correlation between asset returns and unexpected fluctuations in future cash flows (cash flow news) while the latter measures future discount rates (discount rate news). Campbell and Vuolteenaho (2004) decompose unexpected market returns into two components by assuming that the market variables follow a first-order vector autoregression (VAR) process, and find that the model empirically solves the risk premium puzzle with a low-risk aversion parameter in the US stock market.
The focus of this paper is whether the CV model also solves the risk premium puzzle in Japan. For this purpose, we empirically investigate the validity of the CV model for Japanese stock returns, and compare it with a factor model and the simple capital asset-pricing model (CAPM) . We select five variables as VAR state variables suitable for the Japanese data and estimate two betas as risk factors. The main contribution is that we demonstrate that the CV model is valid in Japan with high adjusted R-squared values (52.2% and 24.6%), and solve the risk premium puzzle with low values of the relative risk aversion (RRA) parameter (2.80 and 2.05). Given that the estimated RRA is lower than in the US, we conjecture that Japanese investors are less risk averse than investors in the US. We also find that a single-factor model only including a cash flow beta can successfully explain Japanese stock returns and reject the CAPM.
The remainder of the paper is organized as follows. Section 2 introduces the CV model. Section 3 discusses the variables used as state variables in the VAR, generates data on the two news variables, and estimates their betas. We also empirically analyze the Japanese stock market by comparing the CV model with the factor model and the CAPM, and estimate the RRA coefficient. Section 4 provides the conclusion.
Model
Consider a stock that pays dividends 1 t D at the end of the period. Letting t P denote the price of the stock at time t, returns t R are: (1)
Taking logarithms of both sides of equation (1) and using a Taylor expansion, the log of t R , t r , can be expressed approximately as linear in the logs of t P and 1 t D : We solve equation (2) forward iteratively. By taking expectations and subtracting t d from both sides, we obtain the familiar Campbell and Shiller (1988a) 
) denotes the log of dividend growth. This formula explains that the log of the price dividend ratio at time t depends on expectations at time t of the discounted sum of future dividend growth minus the discount rate.
We follow Campbell (1991) in decomposing unexpected returns into two of its component parts by using (3). Substituting equation (3) for t p and 1 t p in (2) and rearranging obtains: 
Because discount rate news has a negative sign, the sum of the two betas equals the market beta: We close the model by specifying the utility-maximizing behavior of consumers. Consider an 6 infinitely lived representative consumer. He or she chooses the stochastic process of consumption t C .
Assume that the nonexpected utility function U proposed by Zin (1989, 1991) gives consumer preferences,
where satisfies
represents the relative risk aversion (RRA) coefficient, the elasticity of intertemporal substitution (EIS), and the time discount factor. Letting t W denote wealth holding at time t, the budget constraint is given by
representative consumer maximizes (7) subject to the budget constraint. The first-order condition is given by the Euler equation,
In equation (8), the pricing kernel-or intertemporal marginal rate of substitution (IMRS)-is given
, and is shown to depend on two factors, consumption growth and market returns. The resulting two-factor structure enables us to examine the asset pricing implications of both news items ( CF N and DR N ). Note that in the case of = 1, the pricing kernel depends solely on market returns, i.e., the model reduces to CAPM, whereas when = / 1 , the pricing kernel depends solely on consumption growth, so that the C-CAPM holds. 3
By assuming that consumption growth and asset returns follow a joint lognormal distribution, the logarithmic Euler equation is obtained from (8) as follows:
Substituting (4) into (9) yields:
which in turn can be rewritten using (6) as:
Equation (11) indicates that two risk factors, the cash flow beta and the discount rate beta, determine the equity risk premium i . The risk price of the cash flow beta is 2 ,t p and the risk price for the discount rate beta is 2 ,t p . The risk price of the cash flow beta is thus larger than the discount rate beta when the RRA coefficient is greater than one.
Empirical analysis
In this section, we use Japanese stock market data to examine: (i) whether the CV model is valid in the Japanese stock market compared with the factor model and the CAPM, and (ii) how large the RRA is in Japan. We conduct the empirical tasks as follows. First, we generate data on the cash flow and discount rate news by estimating a VAR model. We also show that the VAR variables used in this study are more suitable for explaining Japanese economic data than those used by Campbell and Vuolteenaho (2004) in the US. Second, using the news data, we estimate the cash flow and discount rate betas for various portfolios. Third, we regress portfolio returns on these betas to test the empirical validity of the models and to estimate the value of the RRA coefficient.
Data description and news and beta estimation
To construct data on cash flow and discount rate news, we estimate a VAR model as follows:
where t z denotes an m 1 state vector, the first element of which is market portfolio returns with the other elements being specified later, a is an m 1 constant vector, is an m m VAR coefficient matrix, and 1 t is the m 1 error term or shock vector. 
where 1 ) ( I maps VAR shocks to news, I denotes the m m identity matrix, and 1 e is an m 1 vector with one in the first element and zero otherwise.
For the VAR variables in z, we first try four variables; the excess returns on the market index (ER), the term yield spread (YS), the price-book value ratio (PBR), and the value yield spread of small stocks have large values of adjusted R-squared, the system overall has only a few significant coefficients. More importantly, ER has a negative adjusted R-squared and no significant coefficients. The poor performance of the VAR estimation clearly indicates that these four VAR variables are unable to capture the expectations among market participants and may be inappropriate for the purposes of our analysis.
To improve the performance of the VAR, we add the following two variables instead of VS: the growth rate of business failure (DEF) and bond yields (BY). DEF is the year-on-year growth rate of business failures obtained from Tokyo Syoko Research (TSR). BY are the three-month GENSAKI rates at month end for three-month contracts. These are from the monthly report published by the Japan Securities Dealers Association, then transformed into real terms and taking the three-month moving average. Table 4 shows the results of the VAR using these five variables. By adding new two variables, the number of significant coefficients and the value of the adjusted R-squared both improve. In particular, ER now has three significant coefficients and a positive adjusted R-squared of 1.69.
We can compute the residuals using the estimated VAR coefficients and then decompose them into cash flow and discount rate news. Tables 5 and Table 6 provide descriptive statistics for the news calculated with the four-variable and five-variable VARs, respectively. Using the news data calculated above, we can compare the performance of the four-variable and five-variable VARs. Because cash flow news is the sum of discount rate news and the residuals of RP according to equation (13), the larger the VAR unpredictability, the greater the magnitude of the RP residuals and, as a consequence, the larger the cash flow news. Table 7 presents a comparison of the absolute sum, absolute average, and squared sum of both news calculated using four and five variables. As cash flow news for four variables is much larger than for five variables, we suspect that the four state variables have poorer prediction performance than the five state variables.
Using Equation (13), we decompose the variance of returns into three terms as follows:
This expression indicates that we can decompose the variance of expected returns, i.e., variance of total news, into variance and covariance of both types of news. Table 8 provides a comparison of both VARs using the variance decomposition of news. In the case of four variables, the variance of cash flow news and covariance of news unnaturally consists of a greater portion of total news, while with five variables, total news decomposes well into both types of news. Accordingly, we use the news estimated by applying the VAR with five variables.
Next, we estimate the cash flow and discount rate betas. From definition (5) of the betas, these are estimated using the following equations:
We use 43 DSI-2 indices for the asset return data: 33 sector indices, 7 Daiwa sector indices, and 3 other indices. 5 We estimate the betas for these assets using the news data obtained above. The results are included in Table 9 . On average, the discount rate beta is larger than the cash flow beta, and the correlation coefficient between the betas takes a positive and low value of 0.187. These features are similar to the US findings in Campbell and Vuolteenaho (2004) .
Tests for asset-pricing models
Using these betas, we empirically compare three asset-pricing models: the factor model, the CV model, and the CAPM. Following Campbell and Vuolteenaho (2004) , we assume three assumptions for equation (11). First, simple returns
are used instead of log-returns on the left-hand side.
Second, the moments are invariant throughout time, so that unconditional moments can replace conditional moments. Finally, the stock portfolio is a proxy for the market portfolio. 6 Equation (11) can then be rewritten as follows:
Using the estimated betas as explanatory variables, we represent the regression equation for the CV model as:
is the simple mean of excess returns on asset i and the slope parameters 1 g and 2 g are the prices of the risk factors. From equation (17), the ratio 2 1 g g equals the RRA coefficient .
Following Campbell and Vuolteenaho (2004) , each model is estimated in two different regression forms: the first with an unrestricted zero beta, and the second with a restriction that zero beta equals the GENSAKI rate. Each model includes White's heteroskedasticity consistent covariances. We also report the 95% critical value of a bootstrap using 2,500 simulated realizations.
We start by estimating the two-factor model with the cash flow and discount rate betas. We do this by regressing asset returns on both betas without imposing any restrictions on the risk prices. The results of these estimations are in the second and third columns of Table 10 . The risk price of the cash flow beta is significantly positive whereas the risk price of the discount rate beta is insignificant with a large adjusted R-squared. Based on these results, we doubt that we could explain asset returns better using the single-factor model with a cash flow beta, so we regress returns on the cash flow and discount rate betas separately. Table 11 shows the results. In the single-factor specification, the cash flow beta is still significant and exhibits a value of adjusted R-squared larger than even the two-factor cases. In contrast, the discount rate beta remains insignificant. These findings suggest that only the cash flow beta significantly explains asset returns.
We next examine the CV model by running a regression with a restriction on the risk price of the discount rate beta, 2 g = 2 M . 7 The results are included in the fourth and fifth columns of Table 10 . The estimated slope parameter 1 g , which is the risk price of the cash flow beta, is significantly positive, implying that the CV model significantly predicts asset returns. The last row of Table 10 provides the RRA coefficient calculated by = 2 1 g g . This is 2.80 with an unrestricted zero beta and 2.05 with a restricted zero beta. These values are lower than in the US case and indicate that Japanese investors may be less risk averse than US investors. 8 It is also noteworthy that we could solve the risk premium puzzle with this low-risk aversion parameter by applying the model to Japanese data. The results lead us to the conclusion that the CV model is useful for solving the risk premium puzzle in the Japanese stock market.
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Lastly, we examine the CAPM with the restriction that both risk prices are equal, 2 1 g g . 9 The sixth and seventh columns of Table 10 report the results. Although the estimated coefficient is significantly positive, the value far exceeds average market portfolio returns; that is, the estimated risk price is significantly higher than that required by the CAPM specification. 10 Accordingly, we conclude that a single-factor model with a market beta only marginally explains asset returns.
Conclusion
This paper investigates whether the consumption-free CV model better explains Japanese stock returns than the factor model and the traditional CAPM, and whether we can solve the risk premium puzzle, at least in Japan, using this model. In the analysis, we selected five VAR state variables (RP, YS, PBR, DEF, and BY) as being more suitable for Japanese data than the four variables used in the comparable US study. Using the estimated VAR coefficients, we decomposed unexpected returns into two components, and estimated the cash flow beta and the discount rate beta. We found the discount rate beta to be larger, on average, than the cash flow beta, and their low and positive correlation coefficient is consistent with the US case. We then tested three types of asset-pricing models: a two-factor model with two betas, the CV model, and the traditional CAPM.
The results of this analysis are as follows. Firstly, the single-factor model including only the cash flow beta better explained Japanese stock returns rather than a two-factor model including both betas.
Second, the CV model is valid in the Japanese stock market, though with a somewhat lower adjusted R-squared than that found with the single-factor model. On this basis, we can solve the risk premium puzzle as the risk aversion parameter lies below three. Moreover, as the value of RRA is smaller than in comparable US studies, the implication is that Japanese investors are less risk averse than US investors.
These results support previous findings by Hamori (1992 Hamori ( , 1994 ) that the risk premium puzzle does not arise in Japan. Third, consistent with many previous studies, we reject the CAPM. Table 4 VAR parameter estimates using five variables Note: The table provides *** denotes significance at the 1% level, ** at the 5% level, and * at the 10% level.
ER YS PBR DEF BY Table 5 Descriptive statistics for cash flow and discount rate news as generated by the four-variable VAR Table 10 Regression tests for the three asset-pricing models Note: The table shows estimated risk prices for the factor model with two betas, the CV model, and the CAPM. g 0 , g 1 , and g 2 are regression estimates of the constant term, the risk price of the cash flow beta, and the risk price of the discount rate beta, respectively. All regressions include White Heteroskedasticity Consistent
Covariances. The factor model is regressed with no restriction, the CV model with g 2 = 0.00329, and the CAPM with g 1 = g 2 . The table reports two regressions for each model, with and without a constant. 'Std. error' denotes the standard error of estimated coefficient. '95% BS interval' denotes the 95% confidence interval with bootstrap from 2,500 simulated realizations. 'Upper' is the upper critical value and 'Lower' is the lower critical value. 'Adj, R-squared' is the adjusted R-squared of the regression. 'RRA coef.' is the relative risk aversion coefficient calculated as γ = g 1 /g 2 . NA -not applicable.
*** denotes significance at the 1% level, ** at the 5% level, and * at the 10% level. Table 11 Regression tests with individual betas Note: The table shows estimated risk prices for the single factor model with each beta. g 0 , g 1 , and g 2 are regression estimates of the constant term, the risk price of the cash flow beta, and the risk price of the discount rate beta, respectively. All regressions include White Heteroskedasticity Consistent Covariances. Cash flow beta is the single-factor model with only the cash flow beta, and discount rate beta only includes the discount rate beta. The table reports two regressions for each model, with and without a constant. 'Std. error' denotes the standard error of estimated coefficient. '95% BS interval' denotes the 95% confidence interval with bootstrap from 2,500 simulated realizations. 'Upper' is the upper critical value and 'Lower' is the lower critical value. 'Adj, R-squared' is the adjusted R-squared of the regression. NA -not applicable.
*** denotes significance at the 1% level, ** at the 5% level, and * at the 10% level. 
